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Secondary Metabolites Major Groups 





Plant secondary metabolites can be 
divided into three and/or four chemically 
distinct groups: 

OTerpenes 

OPhenolics compounds 
O Nitrogen-containing compounds 
O Fatty acid compounds 
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' TERPENES 

OAll terpenes are derived from the union of 
five-carbon elements that have the 
branched carbon skeleton of isopentane 

OThe basic structural elements of terpenes 
are sometimes called isoprene units 
because terpenes can decompose at high^ 
temperatures to give isoprene. 

OThus all terpenes are occasionally referred to 
as isoprenoids. \ 

isopentane isoprene units 
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MEP Pathway 

OThe MEP pathway involves seven 
enzymatic steps and begins with the 
condensation of D-glyceraldehyde 3- 
phosphate (GAP) and pyruvate (Pyr) to 
produce 1-deoxy-D-xylulose 5-phosphate 
(DXP), which is then subjected to 
isomerization with formation of the 
pathway 's characteristic intermediate, L 
MEP 

O Five steps are required to convert MEP to 
IPP and DMAPP (dimethyl allyl 
pyrophosphate) 
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IPP and Its Isomer DMAPP 

O While the MVA pathway produces only 
IPP, the MEP pathway results in the 
synthesis of both IPP and DMAPP at a 6 : 1 
ratio. 

OThus, both pathways rely on isopentenyl 
diphosphate isomer ase (IDI), which 
reversibly converts IPP to DMAPP and, 
controls the equilibrium between them. 

O Recently, in Catharanthus roseus and 
Arab id op sis thaliana genomes, a single and 
two distinct IDI genes were identified, 
respectively 
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Overview of monoterpene biosynthesis in Lamiaceae , 




f^^OPP (1) 


dtrata 

M LirulDiJ 


Perillofrvtenscens "> 

{12}/ A A ^ V^O | 
/ j4Peni^ H-feniM 16] A |7aJX A ^ I 
/ alCtitf aldphyda y x^X ^*-^^ s > 

/ 1 I / H.M«fl*w (8a kAow 
12| A (5) |4] {S) A A 


X X 


K X* 

\ luwrperilenol 
(^°*A| 111) u 

C*Tv«ll 

Afefitho strata 


1 IH I'.cnuTM-cJ 

A \ 
Ment/jo if piperita {tMvmwmiiM 



Phenolic compounds 

OThe second largest class of plant VOCs 
comprises phenylpropanoid and benzenoid 
compounds. 

O Plants produce a large variety of secondary 
products that contain a phenol group — a 
hydroxyl functional group on an aromatic 
ring. 
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Synthesis of fatty acid-derived volatile organic compounds (VOCs) and green leaf volatiles (GLVs). Linoleic and linolenic aCid serve as the 
precursors for a variety of fatty acid-derived VOCs. These precursors enter the lipoxygenase (LOX) pathway by an oxydation yielding 9- 
hydroperoxy and 13-hydroperoxy intermediates that are further converted to volatiles by hydroperoxide lyases and alcohol dehydrogenases. 
Stacked arrows illustrate the involvement of multiple enzymatic reactions. Volatile compounds are highlighted with a colored background, with 
green leaf volatiles shown in green. Abbreviations: AAT, alcohol acyltransf erase; ADH, alcohol dehydrogenase; AOC, allerie oxide cyclase; A 
allene oxide synthase; 9-HPL, 9-hydroperoxide lyase; 13-HPL, 13- hydroperoxide lyasejJSO, isomerase; 9-LOX, 9-lipoxygenase; 13-LOX, 
lipoxygenase; OPR, 12-oxophytodienoate reductase. 
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Representative alkaloids 

Examples of alkaloids, a diverse group of secondary metabolites that^contaii 
nitrogen, usually as part of a heterocyclic ring. 

Caffeine is a purine-type alkaloid similar to the nucleic acid bases adenine and 
guanine. The pyrrolidine (five-membered) ring of nicotine arises from ornithine; 
the pyridine (six-membered) ring is derived from nicotinic acid. 
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Two forms of pyrrolizidine alkaloids occur in nature: the N-oxide form and the 
tertiary alkaloid. j 
The nontoxic N-oxide found in plants is reduced to the toxic tertiary form In 
the digestive tracts of most herbivores. 

However, some adapted herbivores can convert the toxic tertiary alkaloid back \ 
to the nontoxic N- oxide. 

These forms are illustrated here for the alkaloid senecionine, found in species 
of Senecio. 
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Model for herbivore/wounding-mediated nicotine accumulation in the leaves of Nicotiana tabacum. 
(a) The herbivory-induced phytohormone jasmonate is transported by the phloem to the roots and triggers 
nicotine biosynthesis along with upregulation of the required transporters. 

t(b) Illustration of the transport routes with transporters in tobacco plants, 
(c) The biosynthesized nicotine ( yellow hexagons) is loaded via a jasmonic acid-induced multidrug and 
toxic compound extrusion (MATE) transporter into the vacuole. 

In the leaves a second transporter, nicotine uptake permease (NUP1), translocates the alkaloid from the 
xylem to the leaf cells. The three different transporters in the roots are still not identified, as indicated by 
the question marks. 
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Additional ring formed from a C 5 
unit from the terpene pathway 
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